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Introduction by Yukihiro Kamiyama 



Japanese architecture brings to mind stupendous Buddhist temples and 
shrines, plus the three- and five-story pagodas. Amongst these sacred places, 
one cannot help being overwhelmed by the radiance emanating from the 
structures. The purity of the lines leaves us in awe. 

Master craftsmen, inspired by the beauty of the Japanese cypress and 
Belkova and influenced by the Japanese culture, produced these works ot art. 

Behind the beauty lies the skill and knowledge ol an artisan. The harmony 
of die creation conceals the complexity of the assemblage. Simple elements, 
such as bearing blocks, all play a role in the final result. 

There are many ways to join members together. Beams can be tied with 
ropes, carved and assembled or connected with nails, screws and glue, When 
these structures were erected, joining was an extremely elaborate technique. 
Master jointers were dedicated craftsmen responsible for splicing and connect- 
ing elements of a building. Many factors had to be considered. The connec- 
tions had to be strong enough to transfer forces such as bending, torsion and 
shear, yet appearance was an important factor. A variety of techniques 
sometimes simple, sometimes elaborate were developed. 

We tan only marvel at the solutions adopted. They rook into account time 
dependent process, suth as shrinkage or slippage caused by dynamic loading. 
The intricacy of the internal structure of the joint is hidden by the apparent 
simplicity of its appearance Various shapes connect into each other with ease. 
Tills wisdom is the result of years of patient work; we have much to learn from 
it. 

Master Sumiynshi and Professor Matsu i met while working on the design 
and construction of Eishin Gakuen Higashi no High School (architecture by 
Christopher Alexander). The school is famous for its large wooden structure, 
the first erected in Japan S'or many years. 

Master Sumiyoshi contributed his experience and knowledge to the many 
splices and joints available to the builders. Professor Matsu i, working as an 
advisor, was deeply impressed by Master Sumiyoshi’s knowledge. Feeling Ins 
lifelong wisdom should not be lost, he planned this book to preserve a valuable 
heritages It is to be of interest to students of wooden architecture and engineer- 



ing worldwide. 

'The purpose of this book is mentioned in the authors' comments. 
Nowadays, joints are made using metal parts. The splices and connecting 
joints have become much simpler. It is now possible to construct large wooden 
structures using standard processes. However, the uncertain properties or 
wood have brought forward the problem ol weakening ol the joints. 

This work goes back to tire fundamental of joining. It is recommended to 
all technicians and also to architects and engined s. 



Yukihiro Kamiyama 
Professor, VVaseda University 
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Authors’ Comments 



This book explains splices and connecting joints of traditional Japanese 
wooden architect ore with pictures and diagrams. Although plenty of books 
Have been published about splices and connecting joints, none of them have 
used both pictures and diagrams as illustrations. In most cases, pictures have 
only showed one or two examples of a joint and it is difficult to comprehend 
the complexity involved in joining the parts. Consequently, we decided to use 
several pictures and diagrams showing the sequence of assembly which will 
hopefully make the descriptions easier to follow, Dimensions have also Eicen 
included, a feature not found in most other publications. 

Our first objective is to ensure that traditional workmanship skills are 
accurately transferred to the next generation, Our predecessors accumulated 
the know-how necessary to achieve complex and effective design over the 
years. The intricacy of the joints enhance the character of the wood, bringing 
it alive. Many of these joints preserve the natural strength ratio carefully 
balancing shear, bending, torsion, compression and taking shrinkage into 
account. 

Our second objective is to see whether these techniques can be utilized in 
contemporary architecture. This book describes the original characteristics of 
the joints. Home modifications might be required to make them effective for 
today's building technology. Bolts and modern adhesive could be used. The 
authors do not want to make such proposals; we leave it to the readers. 



May, 1989 

Torashichi Sumiyoshi 
Gengo Matsui 
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SPLICING JOINTS 



2 



5 PtfCf 0) 



Stepped dovetailed 
splice 

(Koshlkake oritsugi) 



This simple splice is utilized. pri mar ily 
co join groundsills The most tummon lum- 
ber sections range Ifom 105mm to 120mm 
square. The ends to 5>c spliced are notched 
at half depth. The male is shaped like iht: 
tail of a dove, narrow at the girth then 
Haring out. The female is precisely hollowed 




out to fit. A snug lit is a common character- 
istic of all joints. This joint is simply assem- 
bled hy sliding the male into ihc female. No 
siixial shifting is required.This feature makes 
tilts joint particularly useful on groundsills. 
Evemhotigh this splice aims to resist tension 
in, a structure., its effective u-nsilc strength is 
small. 
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0 Assembled splice 







A tension test was carried. out on an 
assembly of typical dimensions 

The tested splice was made of black 
pine with an average annual ring - width of 
2,5mm, The compressive capac ity (yield 




Test sample- dimensions 



strength) of black pine is 42Qkg/em J | I he 
female failed in tension by developing a 
longitudinal crack originating from a nook 
and following the grain. The ultimate tensile 
strength of the splice: was -1J${|kg F 




Dd gj.iflc 




Arrangaments of dial gauges 





Bekft fsilurfl 




After failure 
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• mset 02 m 

Stepped gooseneck 
splice 

(Koshikake kamolsugE) 



square section lumber between 150mm and 
2Q()mm. For sections of more than 2QQrnirn 
Oblique scarf splices arc more appropriate- 




fin: gooseneck splice is also used on 
groundsills; however, it has a higher 
strength than the- dovetailed splice. In praC- 
licr:, it is used its join larger lumber sections 
than the preceding splice. The gooseneck, 
with tenon and mortise serves to splice 



Test sample dimensions. An&ufar dimensions 
are shown on the nest page- 







© Male and fernete © The male slides into the female 





© Assembled splice 
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The tensile test was performed on an 
assembly of the same suse and material as 
jin the dovetail spike. At ultimate strength., 
modes of failure occurred, At first the 
j Ll [[ 5 t failed In bearing, crushing the head of 
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Test sample dimenaipris 



i he gooseneck again si ihe abutmcnis of ih<- 
I finale end. The second mode involved the 
shearing of li rib at the head of the male 
end. The ultimate strength of the model 
tested was 2'1(H)kg v a significant increase in 
strength compared to the dovetailed splice. 





Before failure 




1 Beacmft failure 
mode 

2 Shearing failure 
mode 

After failure 







• SPtfCE 03 • 

Rabbeted oblique scarf 
splice 



(Gkkake dctisen tsugij 




This splice ran be used to join ground^ 
sills, girders Or beams. The two ends of thg 
joints are identical and referred to an the 
upper wood and lower wood. Two mortises 
are deepened through die depth of the 
splice 6'or inserting draw pirts. The joint Is 
assembled by sliding the interna] laoc of the 
upper wood over the Internal lace of ihc; 



lower wood, keeping the surJkees of the 
middle drops Isurlaees "d") in close con- 
tact, The pieces are then pressed together 
and secured by pounding in two draw pins, 
effectively interlocking the front and back 
su ri'aces of the joint (surfaces lL a*'). The 
pins are inserted from the thicker end 
toward the thinner end. in an alternate 
la.Hhinri. Unlike oilier oblique scarf splices 
no axial shifting is required to assemble this 
splice., making if particularly suitable for 
installing or replacing a beam between lined 
supports or a sill between anchored points. 
This rabbeted oblique scarf splice could be 
more appropriately called "pinned rabbet- 
ed oblique scarf splice”. 






1 ■' ?Q wd ration 









1:30 ndratjpn 



Efevaben 



l>r.O£ drefan ol ?tw draw pn 



For square sections between tOSmm to 
1 20mm, the length of the- Spike should be 3 
to 4 times the width Of the section. 



Ibf dr*v pn 
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O Upper wood and lower wood 





© the uppor wood slides over the lower 
wood the dc&w pans are shown to display 
the direction of insertion), 



The tensile test was also carried on an 
105mm square section assembly made of 
black pine, An even bigger strength 
increase than that of the gooseneck splice 
was obtained- The joint failed at 4000kg by 
shearing through one of the adhesion 
planes. 




Test sample dimensions 








■C 



MKJ.SI tojiaoeranl 





Before f-snlur* 



After failure 
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• 5PLTCE 04 « 

Mortised rabbeted 
oblique splice 

(Kona wo teu-gi) 



the principal di (Terence consists of having to 
shift a wiiy* from each olhcr the upper and 

lower woods to complete the splice. The 
tensile test produced res nils identical to 
splice 03 r 



Both ends of the splice are identical; 
unis die upper wood is displayed in the 
diagram. This joint is also assembled by 
Riding over each other the internal faces of 
the upjw.r wood and lower wood, keeping 
i he surfaces of live middle drops ( surfaces 
“d”) in close contact. 

To complete this splice, the upper 
wood is shifted away from the lower wood 
along the longitudinal axis. Finally a single 
draw pin is inserted between the middle 
-.hops, interlocking the front and back sur- 
fanes of the joint (surfaces “;r") , This splice 
is similar 1,0 (he preceding one. In this case. 
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Far square sections between 3 05mm to 



to 4 times the width of the section. 
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© Upper wood end lower wood 




© A Shift in axial direction opens a gap 
between the midcfle drops of the upper 
and lower woods. 




© Thu syrtetes of the middle drops SUf' 
faces "d"* touch 




0 The splice is completed by inserting the 
draw pin. 
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Size of the Dimension of the test sample 





Load displacement curve 









Selara failure 



After failure 
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• SPLICE 05 m 

Blind stubbed, housed 
rabbeted oblique scarf 
splice 



(Shiribosami Isugr) 



The shape and mechanical properties 
of this ijplicc are practically identical to 
splice 04. Aesthetically speaking however, 
i lik splice ia said lo be ol a superior design 
than other rabbeted oblique scarf splices; 
an elevation view of the splice reveals only 
a clean straight line. 

list 




Split* «titf 
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Elevation ! - 
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For square sections between \ 05 to E20 
mm the length of the splice? should be 3 to 4 
times the width of the section. 
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Elevation 
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feces “d" 1 touch 




between the middle drops of the upper 
and slower sveod. 
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• SPLICE 06 m 

Tenon and mortise 
splices 



[Met hi ire) 




/| I pross-shaped tenon and mortise 



splice (juji meclvtlrc'i 
This splice is effective against Torsion 
bun cannot resist any icttetle farces. If is 
often combined with splicing plates bolted 

throughout 





Mate and tamale 




0 Assembled splice 




Male 



FemaEe 
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(2) Right angle tenon and mortise splice 3 wo faces of this splice reveal a clean 

(kancori mcchiLre) slraigtil line when assembled. 




© Male anti female 
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& Assembled Sphc-e 
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, Housed tenon and mortise splice 
kakusbi mechiire) 

Three faces of this splice reveal a clean 
jjiraiRht line once assembled. It is a common 
method for spiking exposed posts. 
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0 Assembled splice 



■ 4 jj 




Malo 



Female 



Male 



Femele 










2 0 



(4) Blind Icnun and morlisc splice 
shako mechiire) 

This beautiful splice reveals only a 
clean straight line on all laces once assem- 
bled, However, manufacturing of this pint 
is technically difficult. 





O Male and female 




Assembled splice 




Male 



Female 
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# SPiJCf 07 • 

Halved rabbeted oblique 
scarf splices 



fE$uko isuqi) 




This decorative splice is often used for 
finishings particularly on exposed ceiling 
members; if has very few structural appliea- 
dnits. Double-laced halved rabbeted 
oblique scarf splices, as shown in figure aj , 
^Itert applied iis decorative design, arc 
dimensioned so that the length nf [Etc in- 



clined plane is twice the size of the cross 
section. For stronger structural use, as for 
baiter posts for example, the Length □! [Etc 
i nc lined planes is made equal to the size of 
the cross section. The double-faced halved 
rabbeted oblique scarf splice with hey and 
the single-faced halved rabbeted oblique 
setuT splice, as shown in figure b) and c) 
respectively, are olien used in buildings 
where appearance, ll factor of the- length of 
the splice, is not of utmost importance (for 
example, the ^residents" building of a tem- 
ple). Hereafter described are three exam- 
ples of halved rabbeted oblique scarf splices 
with three fares or more: 




val Doubla-faecd halved rabbeted oblique 
scarf splic-O 




b Double-faced halved rabbeted oblique 
scarf sfllke with hay 
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line 



(c> Sir^ate faced rabbeted Oblt&oe scarf splice 



(1) Triple-faced halved rabbeted 
oblique scarf splice with key 
The key has no structural Function. Ii 
is designed an that the spike cannot be 
easily pulled apart. As mentioned earlier, 
the appearance oF these joints is a direct 
function of iltc length of the splice, How- 
ever, (he longer splices are also weaker. 
Consequently, the inclined faces of the joint 
:-i rr made to l>e a rnasiimim of [WO ItmCS the 



cross sect LOtl. 
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surfaces. Very sophisticated craftsmanship 
is required i« m^uiaeiure this joint. 



( 2 ) Miyajima splice 

Very simile to (he previous spike. The 
difference resides in the presence of a 
triple-faced cone at the end of the inclined 




0 Upper wood arid lower wood 




--- 
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i i^j Quadruple- faced halved rabbeted 
oblique scarf spike 

The simplicity of this spike hides the 
complexity of manufacturing it. Meticulous 
ciitiu-n must be devoted lo finishing it. 





0 Assembling the splice 




Upper woc-d anc lower wood 




© The splice is completed by locking it 
a key. 
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# 5PUCE 08 # 

Housed splices 

(Kokushi tsugi) 



These splicer Eire often used on finish- 
ins' materials, 

1) Housed rabbeted oblique scarf 
splice kakushi kanawai 



Very similar to the rabbeted oblique 
scarf splice except that only hall ol the 
width or the section is rabbeted oblique, 
1’hc other hall is housed producing a clean 
straight line on two faces once assembled, 
This joint is useful when no significant 
strength is required- The length ol the splice 
and inclination of the oblique surface f Line 
3 Enid c) arc arbitrary. 
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© Male and fomalft @ Th& male slides into the female 




draiY pin. 







23 

(£) Blind knon and mortise (hako 
daimoebij 

Similar in shape IQ [fie previous splice 
bill wit hunt any inclined surfaces. A key is 
used to lock ihin joint together. 







79 




0 Mala and female © The male slides into the female 









3 D 



spdrce 
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;V Blind pin (liako sen) 

This splice also fallows the mode! uE 
the rabbeted, oblique scad' splice. The form 
of splice 04 is carved oil [wo perpendicular 






s! 

s 



O Ttlalo end female 




Female 




© The Surfaces Of the middle drops ’Sur- 
faces "d" touch- 




© A shift in ai(i*S direction opens e gap Q The Splice i& completed by inserting two 
between the msddlw drops. dr*w pip>S. 
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(4) Bland key hftko shacht 

Almost identical to the pi-^ious splice 

but without 3.TW me hoed surfaces. 



A key is used to Lock [he joins logerher, 
The preparation of this splice is easier Lh;m 
tor the blind pin. 




0 Male and female 



spirtE 



n 




Male 




Female 




0 The splice 'S completed by inserting two 0 Exposed surfaces after completion 



keys, 



1 
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(5) Folt ten on (HWtaugi ) 

Pole lenona art; yied on exposed ceil- 
ing foments. The three lares of this splice 
reveal a clean straight lint once assembled. 
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® iMale and ^ecnale 



S&mg 




Female 





0 The splice i£ comp! at ad by ■ martin", two 
keys- 



0 The mala slides into the female. 
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m SPLICE 09 m 

Column splices 

jHosMro t$u$i) 



■ ] Four facts gooseneck splice 

Two gcMfefirtctkfi ore Carved diagonally 
across the section. The male and female 
slide over each other at 45 to assemble tine 
splice. The two goosenecks are small in 
relation to the size of the section. Skilhul 
craftsmanship is required while manufac- 
turing- This splice is suitable for large col- 
umns. Haiti wood, such as zelkova, is often 
used. The peculiarity oL this spike is the 



identical gooseneck motil lonoti on all liuct.s 
of the column. 






Male 



Female 
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0 Tbs male slides into the femi&le d=a&o- 0 Surne 




O Same O Completion 








_ 



I 









( 2 ) Clam-shaped splice k;ti HO guclliy 
This relatively long splice has a few 
eKcluiive applications- Twice the length oJ’ 
die splice is required jo assembling which is 
very inCOrtVCnicni Lbr Underpinning. It is 
usually reserved fur splicing d tiling ills lied 



elements such lls the central column in ;i 
pagoda, Both ends, exhibit a “French type 1 
tenon and mortise pattern. Finally to stiffen 
the assembly, a si eel ring may slide over the 
Joint, The splice is polished with sand- 
paper. 







0 Upper wood and lower wood 




0 Assembling the splice 
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(,T Blind splice (hako tsugi) 

This splice is inferior in strength to the 
rabbeted oblique scarf splice because of the 
method used to lock the joint. A key con- 
tributes hole to the sturdiness of the assem- 
bly compared to a draw pin. The key hole 
and e in 1 longitudinal joim line are 
positioned at the corner oJ the section 
making this splice very attractive on col- 
umns. 






sptjci 



A\ 




& S,3 me O Inserting the key 




_ 



I 








LUrt of the spike, Xu j^ap exists between the 
two parts. 
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M) Osaka Castie-Otcmon Cate’s pillar 
splice 

Olcmcm gate Is. the ortiy known exam- 
ple of this design. Once assembled, a deco- 
rative mountain skyline like pattern can be 
seen on the surface. An X-ray test had to be 
carried out to investigate the internal strtto 










& The male is inserted into the female by 
sliding it Upward from the center to the 
edge. 




0 Completion 







X-ray picture A X-ray picture 6 

The bright lines are the internal parts of the The axial black lines display the grain &f the 
joint and display the outline of the dpjetaiF, wood. The horizontal lines Ond the mountain 




shaped lines are the upper face pf the male 
on the inside end the seam on the outside 
surface. 
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• CONNECTING JOINT 0) • 

Half dovetailed joint 

(Kotoscrge art} 



dovetail connects a single tic into a corner 
column, "I lie diagram below shows a c j H . 
Cpnnccting in to a column from two opposite; 
sides, 



Fhe model depicts a wall tie connect- 
tog into a comer column. The column wa* 
split in ball lengthwise to reveal the internal 
locking mechanism. Wall ties are usually 
covered up, however, traditional Japanese 
architecture (oinaimes call lor exposed tics. 
The wedges, somewhat longer than neces- 
sary, arc driven in as deep as possible in 
avoid rattling, hirst, the columns are erect- 
ed, i hen the ties are inserted to prevent 
horizontal movement. Wedges arc driven in 
after Lht: erection is completed. Braced walls 
help resisting horizontal earthquake loading 
in Japanese wood architecture. The hall 





CQNWFCJOcC /OlNf 
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O Arrangement of the members 



& The brace is inserted into the slot. 





® Thg brace is inserted in its final position 
bpeninfi a space for a wedge, 




Q The joint is completed by driving in the 
wedge. 





• CONNECTING JOINT 02 • 




4 & 



Wedging joint 

(Wari kyscibi) 



This joint connects columns with 
groundsills, girders, trill, etc. In the model, 
the column ivas split in hit IF lengthwise to 
reveal the interim] Lucking system. The joint 
is simply assembled by Liiseximg the tenon 
into the mortise. Two wedges are pounded 
in the tenon, splitting it open and locking it: 
against the mortise. 






CONMECnWG JOANT 
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• CONNECTING JOINT 03 • 

Blind wedging joint 

(Jigoku hozo) 



fully. The illicit; of the mortise must lx* 
clean and blown frte any debris. Some- 
times the joint IS splashed with water after 
inserting the tenor into the cavity. 



This model was also split in half. 

This joint is common I v used, on cave 
brackets. hanging posts of lintel and when- 
ever the tenon and mortise are better loft 
hidden. To assemble this joint, two wedges 
are loosely driven in the tenon. The tenon is 
then inserted in the mortise and driven in. 
The wedges hit the bottom of the mortise, 
opening the tenon like a fan and locking it 
permanently. Experience is important in 
manufacturing this joint. The tenon is 
always cut a little bit shorter than the depth 
nl the mortise to insure the element being 
assembled is Fully inside before the tenon 
wedges itself" permanently. Some techniques 
are helpful for assembling lire joint success 





COKW£CirWG JOINT 
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D: 105 or 120 






■ * 1 



r J *H 
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• CONNECTING JOINT 04 * 

Housed dovetailed Joint 




(Okyrf 



an 



This joint is. frequently used on hang- 
ing |K*jiis ((flurizuka). At first the dovetail is 
inserted in ihe larger opening of the mortise 
(area A) and then shifted sideway into the 
narrower slot (area B) which has die exact 
inverted shape. Finally a wooden plug' is set 
to ensure the joint will not easily come 
apart. Sometimes the dovetail is cut in half 
along the depth of the male end. The 
assembly proceeds as mentioned earlier. 
The larger opening of the mortise (area A) 
is now hidden by i he male. The latter Ibrm 



0 




Had housed dovetailed *n shelf unit 

of this* joint can Ere used to anchor the legs 
of shelving units on a Iloor. 
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© The dovetail slides into the bigger end of 
the mortise. 





@ The plug is not sho^n for clarity. 
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• CONNECTING JOINT 05 • 

Sumiyoshi double tenon 

The: kipper tenon is a dovetail with 
flaring side walls. The Lower tenon i* rectan- 
gular with nni: surface tapering op. The 
joLoi is assembled by sliding the double 
tenon upward into the mortise at the same 
angle as tire tapered surface of the lower 
tenon. Master Sumiyoshi learned of this joint 
[Vein fellow draftsmen. An X-ray picture of 
the assembly shows some discontinuity 
making it not entirely satisfactory J 

X-ray photograph showing a discontinuity 
after assembly 

The lower tenon appears completely white 
suggesting an imperfect fit, White gaps can 
also be seen on ttie left and right side of the 
tiflered tenon. A perfect lit after assembly 
ensures the integrity bf a joint 
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■0 Male and female 



® Same 
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0 The male is inserted into the female at 
an angle. 




O Assembled joint 
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• CONNECTING JOINT 06 • 



Double plug 



assembly before inserting pin and key% ( 
Otherwise [he components could Ire exposed 
to excessively large stress. 



This assembly connects two beams on 
opposite Fiic.cs of a column. The Iscams art 1 
spliced through [he column. Larger splices 
(pole LCilOifl produce sturdier assemblies,. 
The beam with the longer tenon h con- 
nected to the column first, The second 
beam is inserted and shifted Forward until 
the Lower tenons butt m the centre of the 
column. The connection between the beams 
ynd the column is completed before finish- 
ing the splice between the I teams. In order 
IO provide I he joint with enough tensile 
resistances two keys and a draw pin arc 
driven in. One or the other would be insuffi- 
cient by itself. It is important to tighten the 
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Beam 1 maiii’ 



i>- 



Beam 2 1 tamale 



ns-* 
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® Arcang&ment of the memberj 






Beam 



slides over the projecting end of the tenon of beam 



& Beam 1 i& inserted through th& column 
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After tightening the joint, two keys are inserted 




I 



® A draw pin completes the sssembly- 
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• CONNECTING JOINT 07 # 

Triple plug 



This assembly connects three beams 
cm three faces of ll column. The |wq oppo- 
site beams are spliced through the column. 
The first beam to be connected {ljeym l r 
short male ) is perpendicular to the other 
rwo beams, A dowel secures it io the col* 
umn, The second parr of the assemblage 



proceeds in (lie same fashion as ibr il lc 
preceding joint. The lower part ol the 
tenons of beam 2 '.male) and beam 3 
(female) is shorter than on the double plug 
due to the: presence of the extra beam. A 
very tight joint works better. In order [ 0 
achieve this, die long projecting tenon o[ 
beam 2 (.male) is made a few millimeters; 
shorter than die dimensions quoted in the 
figure. The t ri pic plug gives the appearance 
of continuity when seen from the inside, 
Seen from the outside, a seam can Lmj seen 
where the two opposite beams meet. 




From left to rrght: beam 1 i female*, beam 2 l short male - , column,, beam 3 (male 
A dowd, drew pin and two kays are at the front- 
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Column 
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© Beam 2 . imale is assembled ne*t.. 



O' Arrangement of the members 



© Beam E short male is assembfed first. 
The dowel pin is inserted. 




O Beam 3 {female slides over the pro jett- 
ing end of the tenon of team 2 -male). 









66 






















0 After tightening the joint, two keys art; inserted 




O A drew pin completes the assembly. 
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• CONNECTING JGfN'r OS • 

Groundsill connectors 

I D n do i shiguchi) 




fl) Housed dovetail (art Nos hi) 



A dovetail is carved on haif of the 
tfcplh of One member. A rectangular innr- 
tist runs through the depth ol (he second 
nu mber Immediately behind the mortise Ebr 
thc dovetail. A column with, a simple tenon 
may complete the assembly. A draw pin 
secures tHe: column to the groundsill. The 
length of the pole tenon on the column 
equals the depth of Lbe ground sill. Thus, 
even If the groundsill rots., the column will 
aland firm. This often happen since Lht: 
groundsill is usually made of softwood and 
(he column marie of tiardwoud. 




(2) Rabbeted tenon god mortise (kone 
huzp sashi) 

I rlis joint is useful l<> assemble corner 
groundsills. The male sill B has an eccen- 
tric tenon a c (he end. The Female (A) has a 
mortis cut throughout. After assembly, a 
wedge is pounded (hrongh a slot in the 
tenon, locking lire members together. If 
there is enough room left ar die end of 
member A : distance a — H/2) , a column 
can Ik- connected over the joint using a stub 
tenon. 




Left side: housed dovetail 

Right side: rebbOtetf tenon and mortise 












© Arrangement of the members 




Rabbets tenon and mortise 
left : After thef male is assem- 
bled, a wedge is pounded in, lock- 
ing the joint no column shown . 
Moused dovetail right- f the mal e 
slides into the female- The column 
is assembled end the joint is com- 
pleted by driving in $ draw pin, 
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(3) Comer miter tenon (sumitame hozo 
suhi) 

This joint nisei connects rorner ground- 
sills but is more attractive than the previous 
one- A tongue and groove on tine inside 
ensure rigklity white a panel on the outside 
gives the joint a cleaner look. The outside 
gqaiTi is located at Lite comer making the 



tissetiibly appear to have been made out of 
a single piece of wood, The tapered panel at 
the end oi member II (male} reduces the 
distance {a} left at the end o-i member A 
{female). For this reason, j trapezoidal 
stub tenon is preferred to connect a column 
over the corner joint. 



Groundsill (A- 1 



Groundsill (S 



Groundsill A 



Groundsill B 

ELIO 

t 



Column 



Elr«'dton 



J RaaitoBem view 



R»v bottom 
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CONNECTING JOINT 09 • 



connects onto the cave girder. A grootr .i; 
wide as 1 1 m 1 rainbow Inthiti is- also Cut inm 




.500 It-cti ibe er^ejirdcr lr* Ig [he last rwl hjIii® 



hflx3C W Lr 
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“Kyoto” system 



this roofing pins very special- 

ised dcmcni.H. The cave girders run on tup 
of rbc columns on the outer walls. The 
rafters arc connected io liiC beams called ihe 
rainbow beams. I he rainbow ljeanis are 
supported by the cave finders. The support- 
ing point of the rainbow beams as deter- 
mined with a tool called the rainbow board 
{hiltari jta) , The basis for the rool support 
system lies tan the saddle point i.tojre). The 
saddle point is at the intersection til the 
bottom edge of the rafters and of a vertical 
liaie perpendicular to the center line ot the 
cave girders. Often this point is located 
above the eavc girder in ordc'j 1 tu avoid 
weakening of the same. 'Hie rainbow beam 
has a dovetail shape at the end which 



the eave girdei to l; ivt full support to t [ Ll -. 
rainbow beam, l his system has to be made 
strong enough to support the roofing load 
and also rtnjler.H, who Frequently hang onto 
the tic: beams during erection or use them to 
lift loads. The full width groove protects 
against splitting of else tie beams. Another 
groove is sometimes cut through the top of 
the rainbow beam to receive the rafters. 
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mortise : 




© A r'^fter is install^ on tile top of tho 



rainbow beam. 




Cf The rainbow beam connects on the 
girder through the katfUrtO dovetail 
system. 




■Q A covering, board completes the kyoro 



System 
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The pitch of the rafter is projected On the rainbow beam using the rainbow board. 







Tho connecting point between tie beam and girder is spotted using the rainbow board, 
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• CONNECTING JOJNT JO * 

“OriokiT system 



In this case, the: rafters 1 de beams sit 
directly on rop of the culm tins and the cavf 
girders run on top ol die tie beams. The 
stepped tenon oi the column is notched a 
few millimeters shorter than shown in the 
diagrams io avoid having the girder acci* 
dentally snagged by n. The Oiiisku system 
results in a tower ceiling height than the 
Kyoro. The Kyoro system is more flexible 
because rafters and tie beams do not have 
to be supported at the same location as the 
column s. 




the grder 




From left to right: rafter, gintfer, column , tie be&m 



corw£c™g joint 
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® The coliinm is set on a urid&i li . 



© Tho tie beam is set onto the column 
column head: stepped ten-on . 
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O Same as before 



0 The rafter sits on top of the eave girder. 



© 



Same a 5 above 



1 
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• CONNECTING JOINT J J * 

Tie beam connector 

(Koya daimochi) 



Sometimes lie beams must hr spliced 
and tied to an internal mof beam network. 
The unique characteristic «[' ihis foim is 
that neither the Lower tie beam tier the 



upper tic beam suffer a reduction in section 
at their splicing point.The diagram displays 
she arrangement of such a joint with 
provision for a purlin post on tup ul she 
assembly. Generally purlin posts are evenly 
distributed. They are not always Located at 
she connection of tie beams and roof beams. 
The dowels used to position the tie beams 
over each other arc usually 3f)mni wide and 
arc always drilled in vertically instead of 
normal to the internal fares of the joint, 




S\H» r i IKPJ- 



li« tfii'n br jcn ilir ro-d 
Wcmi hoirn 



tie bamtkwflf) 
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Tiu beam '.oaper 



r^i 



Tie beam (tower) 







sj !_/ 



^'evasion S 



Internal roof beam 




O Internal roof beam 






ai 




© The tower tie sits on the internal roof twam 






The Lf|*fler tie beam sits on the lower tie beam. A purlin post is added to 



'TT 
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• CONNECTING JOINT 12 • 

Hip rafter joint 

(Yosemune no sums) 

Three kinds of hip rafter joint with live 
sun [iit£.:h '.vill fee introduced (one sun is. one 
tenth of m Foot). All of these joints have 
common characteristics. The roof rafters 
: including corner 1 a euve brackets) arc 
normal to tacit other and all of them have 
the same pitch. 

(1) Tee-shaped girder joint 

Precisely manufactured tenon and 
mortise (goya horo sashi; arc necessary to 



make this joint. Tin; hip rafter (sumigt} si is 
on top ftl I he longer girder. .An eccentric 
tcnmi and mortise serves co assemble the 
cave girders. 




From left to right: Corner's eave brackets, 
girder A) . girder B ' , hip rafter 




Hip rafter 



Cor oar's save brackets 










© GirdOr A is inserted into girder B and a wedge is pounded in rabbeted tenors end 
mortise). 
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© The hip rafter is set on toe of the girders, 



O The corner's oave brackets are installed. 
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Layout (I) 

A carpenter square Ls used to la you i the dimensions on site. One side of the carpenter 
square has a 1:1 scale. The oilier side has a bJ2 scale. 

Figure a) shows how I0 layout the dimensions lor die rafter sotkeLs on the cave girders. 
On girder I, a line is nttended down from the “Doge" (point A) with die same pitch ar* the 
rafters (5 (MO pitch !' . This line interacts girder 9 on the top lace and outer face at point B 
and poiru f ! respectively. Two lines, parallel to die center line of the girder.. Lire laved out from 
poinl B and point C to the intersection with girder 11 at point C and poim D. Line CD is 
extremely important- It is eaLled the ^Kuchiwiiki” line. From [joint D another line is laved oui 
with I hr same pitch, m the roof rafter’s. Th is line intersects the end face of girder II ill prim 
I 1 . Line ivl is drawn across die fate, parallel to the top surfaces of the girders. The planes 
-S’l LIV and WXVZ represent the bottom faces of the grooves destined to receive the rafters. 

The layout for the hip rafter is displayed on figure J>') , W« have just explained how poinl 
B anti C were created from the l, loj{v ,L (point A; on girder 1, hi the same fashion, point B 
arid C are established on girder 11. 1 he Kuchiwaki line from point C and its counterpart on 
ihc; i op surface from point H\ tire drawn along girder El. Line B" - intersects ihe inner face: of 
girder 1 at point H (line B'EL is parallel !,o girder \ 11 center line: K££ju*( as line BG is parallel 
to girder’s I center line PQj . 




a* Girders layout with notches for rafters including corner eave brackets 
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'b Hip raft.Br layout 



fi»i radtf pioi 



(e) 
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A itCfw line. GH, is Hayed out cm lop ol the inicrscctkm of the |wq girder. Two more 
poims,J and K arc .scl one half of the hip rafter width apart from the center point H and point 
(i. ITic silks ol the hip rafter are projected down on the top Stir fares to form lines JJ' arid 
line KK‘. On those lines, point J' and K' arc extended to the intersection with the outer face 
of girder II at point 1. Line IN is drawn at OJ1C half lilt rbpf rafter's pitch (2.5 suns pitch.) 
on ihe outer face of girder I J. sloping down from point I. The extension of line J,J' and line 
KK' give us point L and point M, located on (he outer face of girder IS. From point L and 
M, two vertical lines are drawn down the face of girder El. 1‘hc intersect inn of these lines ’.-.-i( K 
line IN produces point X and point O respectively. We now have aU of the lines luatSiirv 
to cut out the groove destined to receive the hip rafter. The hoi tom surface of the groove is 
included within J'K'ON.lJ'K': width of hip rafter) 



LN-rL.^.MO-tCM*^. 1L-JL.. 



LN 

IL 



Figure f ‘ demonstrates how to layout Lite lateral pitch on the top surface of the hip rafter. 
The plane BCD on figure c) is parallel to OjB|G in figure b) The lateral pilch of the cop 
surface is given by die ratio of EF/BF on figure c). 

Assume? AC - h 

CH- 21), AB=/5h, CD-s/ih, AD = 3h, HE)=2h. AB'-»E*= AE : , |iD 3 -RE J 
= ED*. AE+ED- AD 



A IV - BD T = AE® - ED 7 = (AD— ED) s - EP* = 9 h 1 - 6h ■ ED 



ED=yh 



AE=AD-ED=3h-yh=|dh EF=ED+-^y : 



4h 1 

3 " 2 /2 ' 



FD=ED* ^ -/2 b ■’■ 

^FF r D=9€ n , ZFDF=45* 
=h 

BF=/BF^+FF*= /2h , 



BE" A B- - AE*- 



FF' = FD * jj= • h(- FD) BF BD- FD - 2h - h 



fJF 4 +EF=% i =EE ? 



edrraeguent ly / BFE - SO 6 || v ~h j ( /2b) - \ 

Figure d) demonstrates Snow to layout the cutting plane lor the intersection of a ruol 
rafter (corner cave bracket* included) with the hip rtifier, H|J on iigure c) is made parallel 
to 0|B|G in figure b), f.Iij on figure c) is made para lie I to OgJBiG in iigure b . The surface* 
GHJ and GKN a>e on die side of the raliei (corner cave brackets included) Their pitch arc 
01/ IJ and KIV/KL respectively . 

ZGIJ=ZHU=W Z GHJ ZGEIJ 90* ZlHj = ZlJH -In 0 

Assume Ij-a 

m=a IIJ— v'2a tan (zGjH)— i/2/2 GH=ya GP«=.GH*+Hl B «=y** 



Gl = 



/s. 
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cotiMgurmUy 

Gl/U^-y- 

Z KLI = z K LG = SHF, z KN'J = ZKXG- 90* Z I IMG- / I ] MJ - Sir 
GH=ya GM ,, a * — 1 ^ a 

Assume KL~h 

GL=- Jh GR= J yh GN=yp=y-h /. KN ^h*2/2=^h 
consequent ly 
KN;'KL= V .J IJ 



Finally, figure c) shows the layout of rhe bottom of I he hip rafter where it contacts eIli- 
girder. SVZ in Iigure l-. is made parallel to 0,11,0 in figure b) ■ 7, YD and XYD contact rh-c 
liter of die girder, Tin: pitch is FX/FD. Let the hip rafter width he U r . 

CY = EY = CX ----EZ ■ AD = DB - X F - FZ - y 




AX=BZ=^*^=-^ FD= AX 

FX/FIW »*/($> f 



(e Layout of the bottom of tho hi.p rafter at tha intersection with the girder 
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(2) Cross-shaped girder joint 

In practice the girders join together in 
a Tee-shaped assembly, Afterward r a 
"nose” is added to the shorter girder, giving 
the joint t he: appearance of a cross. 



■—!$ ■■alter puJifj \ii- jalin: 

1 1p i.ifirr piteti 

■- Hjii njO> r^liT pUbtf % Eu: pltfi) 




L I 



p iar bolWn-. , ‘-/f 




Girder A 



connecting toitij 
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On top, from left to right: Girder B r girder nose, 
girder A, hip rafter 
On the bottom; rafters 





\.' V 




Hip rafter 




Elevation- 
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Girder 




tkviliHi 







Girder 





Rai; boitons 
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S EtvalK« 



Rafter 
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O Arrtmgcmont of girders A and B anti ef the girder 1 nese 







0 The girder nose slides into girder A Choused dovetail . 
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Layout (2) 

N’olt;: The general layout discussed: for the Tee-sliuped girder joint will be omim-d lor the 
nesti two joints. Only new concept* rind be imrud u«d, 

\'U<: layout of the end of (he hip rafter is displayed in diagram b). The pitch of [he hip 
rafeef, called nageaumi pitch, depends on the roof rafters pitch 5 sun pilch: and is assumed 
perpendicular to the end surfaces of the hip rafters. The plan PR5 is pat ulld to 0,8,0 hi 
Icbjij ro l>j. The plan ORS u parallel (u 0,8,0 in figure Ey . OQS and OPS lay within the 
vertical face ol Che hip rafter.. The values required are OO, OS and TV respectively. 




The surface QQS is normal to the fascia beards. 





1 






since iORQ- 

iPQR-zPRQ Fq=PR*2=4h 



OQ 5 h 



ST 



-mm-* 



since ^ OSK = z TVS with GR/RS= Sit T V = * -jL=-^W 



(3) Rf veiled halving; (nejigumi) 

The cave girders crons on lop of each 
other in n formation i idled hip corner. To 
balance the strength tilong both axis, die 
girder sections are carved out by an equal 
amount. This concept of joining is called 
bevelled halving. The girders overlap at 



their intersection, r riic stepped ttfTLun ol'lhc 
corner column slides tlrrough ibe kuersec- 
tion of the girders and extend beyond it, 
ready to receive the hip rafter. The hip 
rafter joins onto a rafter column set Ijactt 
from (he corner column. 
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Angle brece 





Hip rafter 
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r“l 




rH Hi 





rH rH 
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Column 





Assomb li n the save girders 



T&<J: Angle brace, center Jrem left to right: rafters, raftOr column, girders A and S, hip rafter 
Bottom: from left to right' Covering boards, CCiurnrs&, hrp rafter post 
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0 Arrangement of the columns 
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® Assembling the eave girders 'tha stepped tenon of the corner column extends beyond the 
girders to the top surface of the tup rafter: 
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0 The bevelled halving joint is completed. 




© The corner rafter is fixed. 




0 The en&le btf&eo n set in piece, 



© The roof rafter are set. 



hip rafter \ necessary for this system only • 




(® The covering boards are on, 










(6 The eave's boards complete the structure. 
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CONNECTING JOINT 13 

Corridor girder 

(Engawo no keta) 



This Ls a more complex joini than the 
previous hip corner joints, The structure is 
composed of two log girders, joined in a 
Tcc-slhapc and of a log girder nose. The 
girder nose (B 1) gives (he assembly a 
balanced leak- The shorter girder (B-£) 
seems to form n single continuous member 
with the girder riD£e. To accentuate this 
elltei the nose (B-l) and the short girder 
(B-£) are cut out of the same piece of wood. 
This assemblage is extremely complex. First 
the nose (D l) is inserted into girder A. 
A her the tenon has gone through, the nose 
is rotated at 90 degrees and pushed toward 
A in its final position. Afterward* Lhc; short 
girder R 2 is assembled unto girders A and 

B-l. 




0 Arrangement of the log. girders, From 
left to right: girder nas« .0 1 .long 
girder A-, short finder B 2:' 




0 The girder nose's 3 1 tenon i& inserted 
into girder A in a horizontal position. 









0 The girder nose B I is rotated at SO 
degrees from its previous position 





.After rotation the girder nose B 1 : fa 
pressed forward into girder a '. 



© Tne girder nose's 3 1 tenOrNS inserted 
into girder 3 2J . 
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0 The girders ere installed on top the corner cod Limn and the keys ere inserted. 




© “The hip rafter completes the assembly. Jt is not necessary to fill the gap in girder 6 2 with 
a plug, 










B 1 : Girder nose 






Top: corner column.. Bottom from left to right: Girder nose B 1 n short girder B 2 . long girder 
A. hap rafter 



Ftecr miiit pi:(n|[> Em juahl 
K‘ii rjttw pH* 

H*l Mol rjTSsr pHcfeC? £ ur pteh; 
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B 2; Short girder 0 2 
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D: Corner column 





A; Long girder ‘ A 



MISCELLANEOUS 
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Gable board 

Tht' gable board in used to cover the 
(i Eids of purlin s Lint! girders. The joint con- 
necting the two sloping board is called 
“ogami’V which means praying with hands 
clapped together, I’hrcc wavs of making an 



' 'ogatni 1 " arc shown, The gable beards arc 
not fixed vertically to the ends of the pur- 
lins, Aesthetic al considerations determine 
the angle al which they fare fixed. The 
"ogami” joint is the weakest part of the 
gable board, consequently when exposed tn 
loading a ijap may open at lire bottom, I’o 
avoid this occurence methods If and 2) are 
preferred. 






{!) Ogami with encased cross brace 



flabl® board- 



& Two pins lock the crassbrace in place. 
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(2) Ogamt with surface cross brace 




© The abutments prg inserted onto the gshle board 
hoard, Cf-OiSb-roce,. drawpinsl 
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• MISCELLANEOUS 02 • 

Level 



Traditional hand level- Longer levels 
give more accurate readings. The level is set 
on cop of the surface io be measured, Water 
is poured into the middle cavity. I he hori- 
sw;jnr fiL lint is found when an equ;d quantity 
pi' water Hows on either side down the slot. 
In general, die length ml the level is two ken 
'..sis Feet) and the cross section Is 2^4 
sun (one son is one tenth of a loot) . I his 
hand level lias been commonly used in 
conjugation with batter posts to set level 
references around an area. 




c. s — rn 


-HI- 


fr~a - ■ — 


i— ■ 7^-n 


IS — 


■ ■ -*?- 

1 


- ;Xj- _ _ 




_fifl Lsl_ 


II 


U 


El 

LLJ 






I I Ji J I 






* MISCELLANEOUS 03 • 

Batter post 



The batter posts are used on frame s an 
which lines are taut as reference level. The 
post is tapered to a ptai rti at one end to 
make is easy to drive into the ground, Fhe 
other end ls crossbilled shaped to IheilitaTC 
checking of vertical displacements o\ (he 
posts- 





Terminology 



Several systems exist for designating joints. The terminology is not standardized. As 
pointed out in The authors* comments, this book aims at describing a wide variety of splices 
and .joints, describing them in detail. However, no pretense is made of giving an accurate 
designation for all uF the joints, Iior do we try to explain the origin of the appellations 
selected. 

The following terminology should provide some help in understanding the technical 

(firms employed. 



Beam (hari) ; horizontal structural element which receives loading from a roof or a floor 
and, transmits it to the; columns. 

Girder ketah horizontal structural dement within the framework of the external wall 
perpendicular to ihu tie-beam. 

Girt idosashi): horinontal structural element within rhe framework of the external wall 
intersecting the second Jlooi beam perpendicularly. 

Eave socket , udegi): Bracket anchoring rhe cave rafters onto a beam or a girder. When 
the cave rafters arc no( braced perpendicularly, the cave socket must be designed to 
carry a moment {cantilever eav-c rafter.). 

Hanging post (tsurisuka): Hanging pssis arc used to suspend the lintel from a beam or 
girder when column height exceeds 2 . 7 rtf: . 

Tic nuki : Bracing clemem within the internal framework of a wall running between 

columns, 

Malofemalc: The positive and negative part of a splice or Joint- 

Upper wood4uwer wood- In connection with joints, the upper and lower wtxjd retei to 
two identical ends of a splice or a joint. When assembling the joint, the part which 
is joined onto the end already in placet is called up[K-r wood. 'Lite other end is the 
lower wont!. 

Example: Rabbeted oblique scarf splices and oblique Scarf stub tenon 

Stub tenon :d<timochi}; When the lower wood is meant to be exposed io the vertical load 
from the upper wood over the entire section of the joint, the assembly is called stub 
tenon. 

Exanipk: Blind stub tenon and lie stub tenon 

Stepped joint (kossliikitkei : When the male end of a joint is Stepped to transmit a vertical 
load onto the female, or vice versa, the joint is said to be stepped. 

Example: Stepped dovetail splice and stepped gooseneck splice 

Dovetail (arij : The pan of a joint shaped like the tail of a dove, narrow at the girth then 
flaring out. 







Example: Dovetailed splice, housed dovetail splice and halved dovetail 
Tenon (hozo): A projection at the end of the male part of a .joint. 

Example: True tenon and mart iso. rabbeted tenon, dovetailed tenon, blind wedged 
lemon 

Gooseneck (kuna); Refers to the ribbed end of a long tenon. 

Example: Stepped gwscncck with tenon and mortise and square stepped gooseneck 
with tenon acid mortise 

Tongue and groove /tongue mcchiire-mechihozo; : Refers to the joining of two 
dements. A Song bind narrow tenon (tongue) covers the length of the end surface of 
the male; an equivalent groove is carved on the end surface of the female. 

Blind joint (hako: : Refers to an encased tenon shaped like the letter "L' 1 or the Japanese 
kana ‘‘rJ 11 (bo). 

Example: Blind tenon and mortise,, blind Stub tenon, blind [tin anti blind splice 
Cross bi 3 led or halved joint isuka : Kefei'i to a joint where the male anti female: arc 
shaped like the beak of a crossbill finch, 

Example: Halved rabbeted oblique scarf splice, triplc-faced and quadruple-faced 
rabbeted oblique scarf split:?:, Miynjima splice 
Miter joint dome); When an inclined seam is located at the intersection of two members, 
the seam is called miter. 

Draw pin * kumisen : Two types of draw pin are used to tighten u joint. .Sonic pins work 
in shear (type A) the other type withstand crushing pressure {type B) 

Example: 

A) rabbeted oblique scar I' splice, double-faced plug, triple-laced plug 

B) Mortise rabbeted oblique scarf splice, housed rabbeted oblique scarf splice, blind 

pin 

Key (shachi): Locking element inserted into a key hole through the sections under shear. 

Example: triple-faced halved joint, Miyajima, hlind stub tenon, corridor girder, etc, 
Wedge kiiHabi : Tapered triangular element pounded between two surfaces, driving 
them apart lfnrn. each other. 

Example: wedged through halved dovetail, blind wedging joint, wedging jninc, etc. 
Dowel dabo): Encased element inserted into a cavity passing through two joining 
surfaces. Example: stub tenon on tics 



